The occurrence of erythroblastotic disease in Rh-positive infants born of Rhnegative mothers whose serum fails to show the presence of Rh agglutinins has refocused attention on "nonagglutinating," "incomplete," or "blocking" antibodies in agglutination test sera. Part of this attention has been directed to bacterial agglutination tests. Griffitts (1947) described the occurrence of Brucella agglutinin "blocking" in the sera of 14 persons with positive histories of brucellosis dating from 2 months to 25 years prior to testing. The complete blocking titers observed were generally low (less than 1:64) and rarely did the agglutinin titers in saline exceed the blocking titer. The blocking titers of all but two of these sera were markedly lowered or eliminated by heating at 56 C for 15 minutes. Griffitts was able to obtain positive agglutination tests with all of these sera by diluting both the antigen suspension and the test serum in pooled normal rabbit serum prior to testing. In most instances, however, the agglutinin titers obtained with the serum diluent correlated closely with the "blocking" titers. Consequently it is difficult to draw conclusions relative to the reactivity of the blocking factor for the antigen or to determine whether or not the blocking factor is converted to complete antibody by the action of heat.
V. T. SCHUHARDT, H. W. WOODFIN, AND K. C. KNOLLE human antisera to Shigella dysenteriae (Shiga) and to Salmonella typhosa (Vi).
They found that heating antishiga serum, but not antityphosa serum, at 65 C for 20 minutes destroyed normal agglutinins but did not affect what they call the "gamma globulin titer." This might be interpreted to mean that the antibody gamma-globulin in the heated antishiga serum, although having lost its capacity to bring about the physicochemical changes essential to agglutination, has retained its capacity to be adsorbed specifically and tightly to the cellular antigen. They also observed that nonagglutinating antibody was adsorbed specifically well beyond the agglutinin titers of both of the unheated test antisera.
EXPERIMENTAL METHODS
In an effort to extend our knowledge of the practical significance and the possible theoretical implications of the Brucella-agglutinin-blocking phenomenon, we tested 521 unheated human sera for agglutinins for Brucella abortus. The antigen strain (B. abortus NIH 456) was tested for colony smoothness by the oblique light technique and for antigenic dissociation status by the acriflavine agglutination method (Braun and Bonestell, 1947; Braun and Hauge, 1948) . Smooth culture antigens were prepared and tested for sensitivity, and tests were performed by the routine serological tube dilution diagnostic technique described by Hitchens (1945) . All sera giving negative agglutination results were checked for the possible presence of blocking antibody by the addition of 0.03 ml of a bovine antiserum with a Brucella agglutinin titer of 1:1,280. This amount invariably agglutinated the antigen in the saline control tube.
If agglutinin blocking was observed in any of the test dilutions of the unheated serum, the agglutination and agglutinin-blocking tests were repeated on the same serum after heating at 56 C for 30 minutes. Sera showing agglutininblocking phenomena were then tested in both the unheated and heated states by the Moreschi (1908) and Coombs, Mourant, and Race (1945) technique to determine whether or not the blocking factor was an antigenic component of human serum which would remain attached to the B. abortus cells after three washings. Antiserum from a rabbit, which had received injections of whole human serum and had developed a ring precipitin test titer of 1:64,000, was used at a dilution of 1:32 in this test.
We have preferred to designate this modification of the Moreschi technique the developing test and the highest dilution of the human serum that gives positive agglutination by this developing test is designated the developing titer of that serum. Tests were routinely done at serum dilutions ranging from 1:20 to 1:320. However, these dilutions frequently had to be carried beyond the 1:320 level, particularly to determine the final developing test titer.
RESULTS
A total of 521 human sera, which had been submitted to the State Department of Health laboratory for serological diagnosis of syphilis, were tested for Brucella agglutinins and 499 of these were tested for Brucella agglutinin blocking. Four-hundred-eighty of the sera were negative for both agglutinins and blocking activity. Twenty-two sera were positive in the fresh unheated state for Brucella agglutinins at one or more of the serum dilutions, including the 1:20, and were not tested for blocking antibodies. One serum with a high Brucella agglutinin titer (1:1,280) gave a negative prozone at the 1:20 and 1:40 dilutions. This serum will be discussed later. Eighteen of the sera showed no agglutinins and gave evidence of a blocking factor in the unheated serum test. These sera are the ones of major interest in this study. Table 1 illustrates the type of results obtained in testing the sera that showed the presence of blocking antibody. In this instance the agglutination test on the unheated serum was negative at all dilutions tested, and agglutinin blocking was demonstrated at the 1:20, 1:40, and 1:80 dilutions. This blocking factor proved heat-labile, and its destruction unmasked a positive Brucella agglutination titer of 1:80 in the heated serum. In this instance, and with many other sera, the developing test titer extended well beyond the limits of both the heat- Morgan and Schutze (1946) , however, were unsuccessful in their efforts to prove this assumption. Table 2 summarizes the test results on the 18 sera that gave definite evidence of Brucella-agglutinin-blocking activity and the 1 serum that gave a 1:1,280 positive agglutination titer with a 1:40 prozone. Seven individual sera and 2 sera from an eighth individual gave negative agglutination tests in the unheated state and positive tests at titers of 1:40 to 1:80 after heating at 56 C for 30 minutes. These 9 sera showed heat-labile blocking antibodies at titers corresponding to the subsequent heat-stable agglutinins. Thus 9 (28 per cent) of the 32 sera that gave positive agglutination of B. abortus antigen would have been missed if only the unheated serum had been tested. This situation merits further study directed toward attempted correlation of such results with the clinical status of the individuals.
In the one instance in which two serum specimens were obtained from the same individual 2 weeks apart, both the heat-stable agglutinin titer and the developing titer increased during the interval between specimens. The first serum obtained from this individual showed a peculiar zonal blocking effect in the unheated state. After a negative agglutination test the positive bovine serum was completely blocked at the 1:20 and the 1:320 dilutions and partially blocked at the 1:40 and 1:160 dilutions; agglutination equal to the control occurred at the 1: 80 dilution. The zonal blocking, which recurred at a second testing of this serum, was the reason for requesting a second serum specimen from this individual. The second specimen blocked completely through 1:80 and partially at 1:160 but showed no zone within the range of dilutions tested. It is possible that this zone represents an optimum proportion conglutinin phenomenon, which in the central tubes of the test overcame the blocking factor. If this is not the explanation, we are at a loss to explain the zone. Nine unheated sera gave negative agglutination test results and gave blocking titers of 1:40 each. All of these also gave negative agglutination tests after being heated at 56 C for 30 minutes. With 6 of the sera the heat destroyed the blocking activity completely, and in the other 3 the blocking titer was lowered to partial blocking at 1:20. These sera prove that the blocking factor is not invariably, if ever, converted to complete antibody by heating. Also they prove that the developing test can be positive as a consequence of the blocking antibody in the absence of normal agglutinins. In the 6 sera in which the blocking titer was eliminated by heating, the developing titer that had been positive before heating also was eliminated. In the 3 sera in which the blocking titer was only lowered by heating, the developing titer also was lowered but not eliminated.
